








Appendix A.  QA Flow Rate Calculation 
 

Model 625 Xact Semi-continuous Metals Analyzer 
 

Analyzer flow rate:  16.7 lpm (Display screen value) 
 

Calculation of the QA indicated flow rate 
 

QA Audit Equipment 
 

• Chinook Engineering Streamline Flow Transfer Standard, serial number 
010402, certified August 6, 2018; 

• Novalynx M2 Series digital barometer, serial number 1702000023, certified 
September 12, 2018; 

• VWR Scientific Model 100A temperature probe, serial number C470320, 
certified August 1, 2018. 

 
Data Parameters Collected at sample downtube inlet 
 

• QA ambient temperature:  14.1 °C (287.25 °K) 

• QA ambient pressure:  743.3 mm Hg (0.97803 atmospheres) 

• Manometer reading:  6.05 inches of water 
 
Chinook Engineering Streamline Flow Transfer Standard Formula [ref:  Weitz, Mark A. 
and Wulff, Shaun S.; Flow rate measurement in in modern ambient air samplers – how 

accurate? Presented at A&WMA 93rd Annual Conference, Salt Lake City, UT; June 2000] 
 

�� = ��(∆�)(
�)�� + � 

 
Where  

Qa = actual flow rate, lpm 
∆P = pressure drop across the Chinook orifice, inches H2O 
Ta = ambient temperature, degrees Kelvin 
Pa = ambient pressure, atmospheres 
m = Chinook FTS slope (for s/n 010402, m = 0.4096) 
b = Chinook FTS intercept (for s/n 010402, b = -0.6186) 

 
Substituting into the formula gives 
 

� = 0.4096�(6.05)(287.25)0.97803 + (−0.6186) 
 �� = ��. ��	� � 
  



Appendix B.  Collocated Transfer Standard Audit Data Charts 
 
Due to space constraints (buildings, terrain) around the Hammond-Lakeview monitoring 
site, the area to the west of the site was used to establish a reference point for the R. M. 
Young Wind Monitor.  Longitude and latitude coordinates were collected at the base of 
the telescoping mast using a GPS.  A westerly baseline was setup using the same 
latitude coordinate as the telescoping mast base and a tripod was setup approximately 
100 yards west of the mast base to serve as the reference point. 
 
A crossbar was added to the topmost section of the telescoping mast to allow for the 
installation of both the sonic wind sensor and the mechanical wind monitor. The 
crossbar was set in an east-west orientation with the sonic unit installed on the east end 
of the crossbar and the mechanical unit installed on the west end.  The orientation ring 
for the mechanical wind unit was set such that the mechanical wind unit response from 
the data logger read 270° when the unit was initially aligned to the reference point. 
 
A string cradle was tied beneath the 90° crossover fitting on the mechanical wind 
monitor to act as a support point for a plumb bob.  The plumb bob was fitted with a 
sufficient length of string to maintain the orientation of the plumb bob to a specific point 
on the ground as the telescoping mast is raised (or lowered) corresponding to the 
orientation of the crossbar.  Maintaining the vertical and horizontal orientation of the 
crossbar is important as the telescoping mast is not keyed and each section can rotate 
relative to the other sections as the sections are raised (or lowered).  The initial plumb 
bob ground orientation point was marked to identify any shift in the crossbar horizontal 
orientation during the monitoring period.  Prior to lowering the mast to remove the QA 
unit, it was noted that the plumb bob ground orientation point had shifted approximately 
an inch from its initial point indicating some horizontal rotation of the crossbar.  The 
response of the QA unit to the reference azimuth is presented in Table 1.  The 
differences observed are considered acceptable as they are within ± 5°of the reference 
azimuth [ref:  Quality Assurance Handbook for Air Pollution Measurement Systems, 
Volume IV:  Meteorological Measurements Version 2.0 (Final), EPA-454/B-08-002, 
March 2008]. 
 

Table 1.  QA Wind Unit Response to the Reference Azimuth. 
 

Azimuth (Expected) QA Unit Response Difference, 
Installation of unit (October 30, 2018) 

270° 269.0° -1.0° 
Removal of unit (November 9, 2018) 

270° 271.5° 1.5° 

 
  



 
The hourly resultant wind speed and wind direction data from the Met One Model 50.5 
sonic wind sensor and the R. M. Young Model 05305-AQ Wind Monitor are represented 
in Figures 1 through 5.  Figure 1 compares the hourly resultant wind speed of the two 
units as a function of data collection time; likewise, Figure 3 compares the hourly 
resultant wind direction of the two units.  Figure 2 compares the respective hourly wind 
speed of the sonic wind sensor against the mechanical wind monitor; likewise, Figure 4 
compares the respective hourly wind direction collected by the sonic unit against the 
data collected by the mechanical wind unit.  Figure 5 is similar to the data contained in 
Figure 4 but contains some transformed wind direction data.  Two data points from the 
northerly direction in Figure 4 were transformed from (0.87°, 350.0°) and (0.54°, 357.8°) 
to (360.87°, 350.0°) and (360.54°, 357.8°) respectively.  This transformation better 
reflects the true differences between the resultant wind direction data collected by the 
two units.  When this transformation is allowed, the slope of the data linear regression 
line approaches the ideal 1:1 comparison line.  As seen in all the figures, the results 
indicate that the two units track well with each other in resultant wind speed and 
resultant wind direction, but some differences are noted.  For example, at higher 
observed wind speeds, the sonic unit exhibits a larger response than that of the 
mechanical wind unit.  Additional data comparison results are provided in the audit 
letter. 
 



 
 

Figure 1.  Resultant wind speed comparison of the Model 05305 Wind Monitor and the Model 50.5 Sonic Wind Sensor as a function of time. 
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Figure 2.  Resultant Wind Speed Comparison of the Model 50.5 Sonic Wind Sensor to the Model 05305 Wind Monitor. 
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Figure 3.  Resultant wind direction comparison of the Model 05305 Wind Monitor and the Model 50.5 Sonic Wind Sensor as a function of time. 
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Figure 4.  Resultant Wind Direction Comparison of the Model 50.5 Sonic Wind Sensor to the Model 05305 Wind Monitor. 

 

y = 0.9514x + 9.9893

R² = 0.9047

0

50

100

150

200

250

300

350

400

0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00

M
o

d
e

l 
5

0
.5

 S
o

n
ic

 W
in

d
 S

e
n

so
r,

  
co

m
p

a
ss

 d
e

g
re

e
s

Model 05305 Wind Monitor - AQ, compass degrees

Hammond-Lakeview Resultant Wind Direction 1:1 Comparison

Sonic Sensor vs Mechanical Wind Monitor Linear (Sonic Sensor vs Mechanical Wind Monitor)



 

Figure 5.  Transformed Resultant Wind Direction Comparison. 
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